Ganoderma boninense. This fungal disease infects thousands of hectares of plantings in Southeast Asia every year causing not only yield but also tree losses. A natural plant self defence mechanism against fungal infection is the production of fungal resistance protein. A fungal resistance gene that has been reported previously in other monocotyledonous plants such as rice and barley is polygalacturonase-inhibiting protein (PGIP) gene, a plant defence cell wall glycoprotein that has been shown to inhibit the activity of fungal endopolygalacturonase (endo-PGs) and modulate their activity and has the potential to be developed as a disease or resistance biomarker for the oil palm. The identification and isolation of this gene in oil palm allowed for the study of its differential expression during the fungal infection. The oil palm PGIP gene (EgPGIP) has between 60-100% similarities with the database sequence of PGIP from other monocotyledons. Interestingly, we found that the expression of EgPGIP gene measured using Real-Time PCR showed that the expression level of EgPGIP in infected oil palm was temporally down regulated. The results suggest that, down regulation of the EgPGIP is related to the establishment of infection by G. boninense.
INTRODUCTION
Extensive studies to identify changes in gene expression during pathogen-host interaction have enhanced discovery of genes regulating the plant defence response to pathogen attack and can also lead to the understanding of why other plants are susceptible. There is an indication *Corresponding author. E-mail: jr_alobaidi@yahoo.com Tel: 00603-79675837 Fax: 00603-79675908.
that there are differences in susceptibility to BSR between germplasm materials from different genetic origins (De Franqueville et al., 2001) . The indication provides hope in generating oil palm varieties with reduced levels of susceptibility using existing genetic materials. There is also interest in developing diagnostic tools such as using PCR primers for detection of the pathogen in oil palms (Bridge et al., 2001 ). Development of molecular biology studies of oil palm towards the understanding of the defence and stress response mechanism may be a useful tool for early detection of the disease. Lack of understanding and molecular information about disease establishment, development and spread has hampered the study of the molecular interaction between the fungus and its host (oil palm). However, quantitative methods for global and simultaneous analysis of expression profiles, such as Real-Time PCR would be powerful in giving overall understanding of the molecular and biochemical basis of the response to infection by Ganoderma (Ravigadevi et al., 2005) .
A possible strategy to control plant pathogens is to improve the natural plant defence mechanisms against the penetration and colonization of the pathogen into the host tissue. One mechanism is represented by the host plant's ability to inhibit the pathogenesis capacity of the invading organism to degrade plant cell wall polysaccharides. An example of this is polygalacturonase-inhibiting proteins (PGIPs) which are plant defence cell wall glycoproteins that inhibit the activity of fungal endopolygalacturonase (endo-PGs) and modulate their pathogenic activity (Janni et al., 2008) . PGIPs are considered typical defence proteins that are able to limit the growth of those fungal producing PG during tissue colonization. This has been demonstrated in transgenic tomato, Arabidopsis, tobacco, and grape plants, where over expression of PGIP is related to the reduction of symptoms caused by the fungal pathogen Botrytis cinerea (Powell et al., 2000; Ferrari et al., 2003; Manfredini et al., 2005; Aguero et al., 2005) . PGIPs are present in plant cell walls of vegetative as well as fruit tissues and genes encoding PGIPs have been cloned from various plants (Cervone et al., 1987; Deo et al., 2003; Favaron et al., 1994; Gotoh et al., 2002; Mahalingam et al., 1999; Yao et al., 1999) . They belong to a super-family of leucine-rich repeat (LRR) proteins and are considered to have important roles in plantpathogen interactions. Several plant disease-resistance genes such as Cf-9, Cf-2 and Xa21 also encode members of the LRR protein family and have high homology to PGIPs (De Lorenzo et al., 2001 ). Furthermore, leucinerich repeat receptor-like protein kinase (LRPKm1), thought to participate in defence-related signalling, has been isolated by PGIP probe in apple (Komjanc et al., 1999) .
The role of PGIP in monocots has been poorly investigated and, until recently, PGIP activity has been characterised only in pectin-rich species such as Allium cepa (Favaron et al., 1993) and A. porrum (Favaron et al., 1997; Favaron. 2001) . The demonstration that PG is a pathogenicity factor in Claviceps purpurea during the infection of rye (Oeser et al., 2002) has reinforced the interest for a defence role of PGIP in monocots. The objective of the present work was to identify the PGIP gene in the monocot oil palm (Elaies guineensis) and to study the response of this gene during the infection of Ganoderma boninense.
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MATERIALS AND METHODS
Plants materials
All seedlings used in this study were from normal seedlings D x P (Dura x pisifera seedlings) obtained from Sime Darby Plantations grown using normal nursery practices. Root tissues from the plantlets were washed soil-free under tap water, dried briefly and immediately stored in liquid nitrogen ready for direct DNA and RNA extraction.
Plant challenge experiments
The seedlings used in this study were germinated for one month then artificially inoculated according to an established protocol for Ganoderma artificial infection (Nur and Abdullah, 2008) . The one month old seedling was transferred from the poly-bags into the Ganoderma inoculums block poly-bag (unpublished). The roots of each seedling were exposed directly to a standardised inoculation block before the bag was refilled with soil and irrigated twice a day. The inoculated oil palm seeds were monitored for 2 months and at every 2 weeks destructive sampling was carried out to assess Ganoderma infection.
DNA analysis and manipulation
Genomic DNA extraction was performed using a modified CTAB method as described by Doyle and Doyle (1990) with modifications (2% CTAB,100mM tris-HCl, pH 8, 2 mM NaCl, 20 mM EDTA,2% PVP 40, 2% ß-mercaptoethanol). RNA was removed using RNase A (20 µg/µl) followed by 30 min incubation at 37°C. The DNA pellet was finally dissolved in 30 l of TE solution, pH 8.0, or ultra pure dH2O. Primers used in this work were designed based on the conserved sequences of PGIP gene from Oryza sativa, Brachypodium sylvaticum and Hordeum vulgare (GenBank at www.ncbi.nlm. nih.gov, assessed April 2009). DNA and amino acid sequence alignment was performed using CLUSTALX (http://align.jp). Their amino acid sequences were aligned to allow the identification of possible conserved regions within the gene and the degenerate primers were then designed based on the sequence of the conserved regions. The specificity of each primer was verified by a sequence manipulation suite (http://www.bioinformatics.org/sms2/ pcr_products.htm) using the DNA sequences. Degenerate primers were designed and synthesized only using the sequences that were very unlikely to bind to genes other than the genes of interest. The primers were pgip-f (5 -gtn gay mgg mcc tct tst c-3 ) and pgip-r (5 -asm tta tbc tyc crg ctc gt-3 ). PCR reaction to confirm the presence of EgPGIP in oil palm genome using pgip-f and pgip-r degenerate primers were carried out under the following conditions: 1 cycle at 95°C for 2 min, 30 cycles at 95°C for 30 s, 60°C for 1 min, 72°C for 1 min, and a final step at 72°C for 5 min in MJ Bio Thermal cycler. Amplified bands were purified using a Qiagen kit, then cloned into pGEMT easy Promega cloning vector system I (cat# A1360) as described in the manufacturer's protocols. Plasmid was purified from recombinant bacterial clones (Escherichia coli JM109) using the protocol from Sambrook et al. (1989) .
Sequencing reactions were performed using the "ABI PRISM dye terminator cycle sequencing ready reaction" kit and DNA sequences were determined with the 3130 xI genetic analyzer (Applied Biosystems). Sequence analyses were performed using Chromas software (http://www.flu.org.cn/en/download-49.html) and ClustalW algorithm for multiple alignments (http://www.ebi.ac.uk/Tools/ 
RNA extraction, cDNA synthesis and RT-PCR
Total RNA was extracted using modified CTAB conventional method derived from Prescott and Martin (1987) . About 0.4-0.7 g of oil palm root tissue was ground in mortar using liquid nitrogen. The frozen powder was quickly transferred to 1 ml of pre-warmed extraction buffer (2% CTAB, 100 mM tris pH 8, 20 mM EDTA,1.4 M NaCl, 0.2 of 2-mercaptoethanol). Washing step was carried out two times with chloroform. The RNA pellet was precipitated with absolute ethanol for 4-7 days followed by 70% ethanol washing. The pellet was dried and dissolved in 20 µl DEPC treated water. Traces of DNA were removed using invitrogen amplification grade I (DNase) treatment kit according to the provided protocol. cDNA synthesis were performed using high capacity cDNA Reverse Transcription Kit with RNAse inhibitor (Applied Biosystems, USA).
RT-PCR experiments were performed by using Power SYBR® Green PCR Master Mix. Each RT-PCR was performed in a total volume of 12 µl using 100 ng/reaction of total RNA and 50 ng of each of the two primers. Two sets of primers for RT-PCR were designed using Primer Express Software for Real Time-PCR are listed in Table 1 . In this experiment, actin was used as an endogenous control as the expression level (or Ct values) of actin does not vary significantly between the control and treated samples when the same amount of template was used for real time PCR (Kok-Ang et al., 2010) . The gene-specific primer set (forward, 5'-ctc cac ccg aac gga agt att c -3' and reverse, 5'-ccc ggc aac cct aca tga ctt g -3') for the actin gene was designed from the nucleotide sequence information for oil palm actin cDNA (GenBank accession no. AY550991.1). The specificity of the primers was assessed in separate PCR experiments using recombinant plasmid DNA containing the appropriate PGIP clone as a template. PCR assays using up to 200 ng of plasmid DNA confirmed that each oligonucleotide pair amplified specifically the correct PGIP gene (data not shown). RT-PCR analysis was performed for RNA samples from uninfected root (control) and infected roots from samples 2, 4, 6 and 8 weeks after infection.
RESULTS
The putative oil palm EgPGIP gene was successfully amplified from the genomic DNA (1.97 mg/ml and purity 1.83 A260/A280) by PCR. The putative oil palm PGIP fragments were gel purified and cloned into pGEMT easy vectors in E. coli (JM109). Figure 1 shows the result from colony PCR amplification with the putatively cloned EgPGIP fragment (~650 bp). Sequence alignment of the deduced amino acid of PGIP from the putative clone of EgPGIP of the cloned fragment using BLAST at NCBI (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) indicated similarities to PGIP amino acid sequences of other monocotyledons. The PGIP sequences were highly conserved in all the clones (up to 100% identity with rice) and showed very high homology to the sequences of other PGIP genes in GenBank (Table 2 and Figure 2) . Pure, high quality RNA obtained using the modified CTAB method as shown in Figure 3 after DNAse digestion was used to produce cDNA, ready for quantitative RT-PCR.
The specificity of RT-PCR primers were verified by normal PCR using the cDNA as a template. Amplification of the EgPGIP by RT-PCR with primers, Pgiprtf and Pgiprtr resulted in the expected 120 bp amplicon ( Figure  4) . The results confirmed that the primers used were effective and the target gene was expressed in plants under the conditions studied as shown by the dissociation curves for amplifications using both primers for actin as well as for the target gene EgPGIP (Figure 5 ). Figure 6 shows the amplification plot for the real time analysis of expression of EgPGIP post infection.
In control uninfected plants the expression of the EgPGIP was highest at 2 weeks with expression levels decreasing progressively over the period of the experiment (Figure 7 ). This may be due to natural changes in gene expression during plant development. However, the expression levels of the gene in infected palms was significantly down regulated at all stages with the expression reaching its lowest level at 8 weeks post infection in comparison with the control.
DISCUSSION
Identifying the genes involved in the interaction with BSR after infection will help in proper understanding of plant defense mechanisms (De Lorenzo et al., 2001) . In this study, a partial EgPGIP gene sequence was successfully isolated in oil palm based on amplification of the conserved regions in O. sativa, B. sylvaticum and H. vulgare. The results are supported by bioinformatic analy- sis where the EgPGIP gene fragment showed interestingly homology with the PGIP gene in rice and more than 60% similarity with that in other monocots (Table 2 ). In many plant species PGIP gene family members are differentially regulated and have different functions. The expression of this gene during development differs in response to different stimuli. For example, in pear and apple the level of gene expression was higher in immature fruit than in mature fruit, the PGIP transcripts were less abundant in flowers than in fruit and were not detectable from leaves (Stotz et al., 1993) . PGIP activity has also been detected from scabinoculated apple leaves. The function of PGIP in monocots has been poorly investigated and, until recently, PGIP activity has been characterised only in pectin-rich species such as A. cepa (Favaron et al., 1993) and Allium porrum (Favaron et al., 1997; Favaron, 2001 ). In wheat, PGIPs have been characterized even though their N-terminal sequences (Lin and Li 2002; Kemp et al., 2003) do not show any similarity with the typical PGIP sequences determined from purified proteins or deduced from gene sequences (De Lorenzo et al., 2001 ). Additionally, rice PGIP gene has been reported to be involved in flower development. The demonstration that polygalactose (PG) is a pathogenicity factor in Claviceps purpurea during the infection of rye (Oeser et al., 2002) has reinforced the interest for a defence role of PGIP also in monocotyledonous plants.
In addition, rice PGIP gene has been reported to be involved in flower development (Jang et al., 2003) . In Brassica napus, Bnpgip1 is more strongly expressed than Bnpgip2 in flower buds, but both of them are expressed at similar levels in roots, open flowers and stems, and are not expressed in leaf blade (Li et al., 2003) . The easily detected expression of EgPGIP in healthy oil palm roots also suggests their role in the normal development of the plant. Fungal pathogens cause some of the most devastating diseases of crop plants (Strange and Scott, 2005) . The costs of control are high, and approximately 22% of global agrochemicals used in plant production are fungicides, and these have a net annual worth of about US$7 billion (Dinham, 2005) . In oil palm, the basal and upper stem rot diseases caused by G. boninense, and vascular wilt disease caused by Fusarium oxysporum f.sp. elaeidis, can cause substantial losses of palms (Durand-Gasselin et al., 2005) .
Higher plants have developed a range of systems with which they protect themselves from damage associated with biotic and abiotic stress. Certain developmental stages are particularly vulnerable and must be afforded extra protection in order to allow successful completion of the reproductive cycle. A good example is the flower, which often contains tissues rich in macromolecules which may therefore be a target for invading herbivores or microorganisms (Lotan et al., 1989) . In oil palm, the young roots of newly planted palms are the most susceptible tissues in fungal infected fields (Angela et al., 2008) .
Identification of genes involved in resistance to the G. boninense in oil palm roots could provide information for development of strategies to prevent the infection of the fungus especially in the early stages of the development of the plant. Profile of changes in the expression of these genes may give insights into the stage of the infection and the behavior of the fungus in the root cells, since G. boninense rapidly degrades starch, lignin and cellulose and causes extensive breakdown of root cortical cellwalls during infection. The Real-Time PCR showed the obvious down-regulation of the EgPGIP gene in response to the fungal infection through an unknown mechanism. The results appear to be compatible to that in the monocotyledonous rice PGIP (OsPGIP) which is also similarly affected during fungal infection. This may not be surprising considering the conservation (1005) of the amino acid.
The results thus, suggest that the response to fungal infection in oil palm may be similar to that in rice. In rice it has also been shown that OsPGIP1 is less effective in inhibiting fungal PGs from A. niger and B. cinera in comparison to PGIPs from dicots such as soy bean GmPGIP3 (Sella et al., 2004) . In dicotyledons, soy bean (GmPGIP) and Arabidopsis (AtPGIP1 and AtPGIP2) the genes are up regulated in response to Botrytis cinerea infection.
Similarly, the soybean Gmpgip1, Gmpgip3, Gmpgip4 are expressed in 7-day-old seedlings, whereas Gmpgip2 is expressed only following Sclerotinia sclerotiorum infection (D'Ovidio et al., 2006) . In Arabidopsis, Atpgip1 and Atpgip2 are up regulated co-ordinately in response to B. cinerea infection, but through separate signal transduction pathways. Moreover, Atpgip1, but not Atpgip2 transcripts, accumulate in seedlings following a cold treatment (Ferrari et al., 2003) .
Conclusion
In conclusion, partial EgPGIP gene from oil palm was successfully identified. Expression analysis during the G. boninense infection of the oil palm was shown to downregulate PGIP expression in roots similar to other monocots. This gene may have the potential to be developed as biomarkers of BSR disease and identification of G. boninense tolerant oil palms. It is suggested that, this would involve the selection of oil palm showing up regulation of the gene during challenge with the fungus. Alternatilvely, biotechnological approaches such as the transfer and expression of dicot PGIP genes into the oil palm could form an added strategy. Current studies on the global transcription profiling of oil palms inoculated with G. boninense infection will further facilitate the identification of other plant genes involved in host plant interaction with pathogenic fungi and will enables better understanding of the complex interactions involving host plant and pathogen and for developing new strategies for crop protection.
